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By Kevin Maney, Contributing: Peter Eisler

Pulse wave of the future: Ralph Petroff left,
and Larry Fullerton of Time Domain are
working on digiral pulse rechnology.

The technology is digital.. Each
of the whizzing pulses is a 1 or 0, so
the transmissions are as flexible as a
computer, able to handle phone calls,
data or video. The pulses can carry
information or media as fast as the
speediest corporate Internet connec­
tion. The pulse technology has other
advantages:
• It could open up capacity for radio

communication. Today, there's a wire­
less traffic jam. Users of radio waves
have to operate in their specific, gov­
ernment -granted slices of the increas­
ingly crowded radio spectrum; other­
wise, they'd interfere with one another.
But it's unlikely the pulses would in­
terfere with each other or with con­
ventional radio waves, so the pulses
would open up vast new radio real es­
tate.
• Pulse devices could operate on
one-thousandth the power of

devices that use radio waves, so a
phone could be the size of a wrist­
watch.
• The pulses in Time Domain's

technology are read by timing the
incoming pulses to 10 picoseconds ­
10 trillionths of a second Any pulse
device could tell how long it takes
for a signal to get to it, which makes

it able to sense objects and measure
their position more accurately than
conventional radar. Radar could be
a mass-market product for homes or
cars.
• The pulses are timed according

to a complex code shared only by the
sender and the intended receiver.

also called ultra-wide band (OWB),
could launch whole new industries and
reorder several existing ones in coming
decades.

''This is a technology that's as radi­
cal as anything that's come up in recent
years," says Paul Turner, a partner at
PricewaterhousCoopers who has stud­
ied Time Domain and advised the up-

start company. Others agree. Repre­
sentative~ from major technology com­
panies have trooped to Huntsville the
past few months. ''If they can really
pull it off in volume, it can be quite
huge," says IBM Vice President Ron
Soicher who admits to getting goose
bumps when he realized the potential

HUNTSVILLE, Ala. - A litde-known company in this city
of rocket scientists is about to explode onto the scene with
an invention that might be as important as the transistor or
electric light bulb.

The company is Time Domain.
Its breakthrough is the work of Larry
Fullerton, a lone inventor who harks
back to the era of Thomas Edison.
His invention is a way to transmit
information wirelessly, but not us­
ing radio waves. Instead, it uses
pulses of radio energy, fired out at
10 million to 40 million pulses a sec­
ond.

The potential impact is astound­
ing. If the technology lives up to its
promise, it would be like the leap
from vacuum tubes to the transistor
or from oil lamps to light bulbs,
touching every home and workplace.
WIreless communicators could get
down to the size of a quarter. Radar
could become cheap and common-

place. A home radar system could
be used for security, detecting move­
ment inside and distinguishing a cat
from a man. Already a reality is
hand-held radar that police can use
to see inside a room before bursting
in.

The pulse technology, sometimes



Correilltlng receiver:
Once the COmllating receiver knows the code that
governs the intervals of the pulses, It listens at those
intervals and figures out whether each pulse is a1or
O.

Transmltl8r:
Sends 10 million to 40 million
pulses per second. The Intervals
are staggered In 81Tf of 30,000 dif­
ferent spots within every 100feel
The intervals vary according to a
code stored in the device. The
transmitter operates on the same digital principle
as a computer, creating all infonnation out of 1's
and O's.

Processor:
The processor acts like a traditional computer chip.
It assembles the 1's and O's into information, then
turns ~ into sound, video, or date on a screen.

The new phone
A cell phone built with Time
Domain's technology would have
three pieces: atransmitter, acor·
relating receiver and aprocassor.
Eventually, each would be on a
single computer chip. They'd all
have to work together to make the
phone work. What each piece
doas:

technology in 1976 and got his first
patent for it in 1987. But the technol­
ogy was crude, Fullerton didn't have
the money to push it, and the world
wasn't paying attention. All that is
changing ina bigway.

Less battery and transmitter
power is needed

Pulse signals are so far apart,
they do not collide with each
other, so very little power is re­
quired.

Radio waves can
bounce off objects,
such as buildings. That
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the most secure way ever to transmit
wirelessly - of major interest to the
military.

Fullerton started working on the

.f .t

Tme Domain founder Larry Fullerton has come up with a new
way to send and receive signals over the air. For the past 100
years the only way to wirelessly transmit signals • voice, mu­
sic, TV, data - has been by radio waves.

waves~

Fullerton's digital pulse technology transmits pulses of energy
instead of waves. Each pulse represents a1or a0, the digital
language of computers. Ten million to 40 million pulses are
sent per second, last enough to carry voices, Web pages and
video.

The chance ofanyone who doesn't
have the code intercepting the
signal is near zero. That means
pulse communications should be

II Pulses work around crowded
radio spectrum.

There are limits on how much information waves
can carry and how much space these is on the radio
spectrum. As things like cell phones and satellites
proliferate, the radio spectrum is becoming scarce.

The pulses have no frequency - no slot on the radio
dial. Instead, the pulses are spread across the radio spec·
trum.

Because pulse technology doesn't eat up spectrum, ~

could unlock the traffic jam.
The downside is that in doing so, ~ might threaten the

entities that have spent billions of dollars to buy rights to
chunks of radio spectrum.

~ j

II'-:
IV'! :

~i

If a pUlse goes out
125 picoseconds ear·
lie~ than the exact spot
prescribed by the code,
then it's a 1. if ~ goes
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out 125 picoseconds later, it's a O.
If one device send out a signal, how does

another find and listen to~? The pulses (eech 6
inches long) leave a device at precise intervals
in time, measured to within 10 trillionths of a
second, or 10 picoseconds. There is one pulse
for (Nery 100 feet, and that pulse can be In one
of 30,000 positions within that space. For one
device to listen to another they must share a
code that tells the listening device which posi.
tions to listen to in what order. The listening
device then assembles the pulses into a voice

Receiver knows which pulses to receive by their
sequence in time, which is coded into the device.

or data picture.
This timed pulse system has a number

of amazing characteristics.
One Is security. Because of the as­

tounding number of possible combinations
of positions, Tone DomaIn says, there Is no
way to tap into this kind of communication
unless you have the code.

Another by-product of the huge number of
combinations is that 2,000 to 20,000 people
could use pulsed cell phones In the same
square block and probably never Interfere with
one another or overload the cellUlar system.
A conventional cell system can only handle
about 400 users in one small area.

Geographic positioning: Because of the
precise timing of outgoing and incoming pulses, a
device can measure the time it takes for a pulse to get
to It or bounce back from~. In doing so, the device
can tell how far away the sender of a pulse is or how
far away an object is. The accuracy is within less
than an inch, compared with 5 feet for global
positioning satellite, or GPS, systems. That accuracy
could enable farmers to use robotic equipment.

Radar: Using the same technique, the
device can act like radar. But unlike radio·
based radar, which gets confused Indoors
because of waves bouncing around, pulsed
radar works indoors, through walls and
underground. Because pulsed radar requires
little power, pocket radar is possible.



Band of believers grows
In Time Domain's offices are pro­

totypes of a wireless phone that can
measure the distance to the other
party, cameras that can transmit video
wirelessly to a computer screen, and
radar that works indoors and through
walls, which conventional radar can't
do. The prototypes are hand-built
and clunky. 'We haven't built a lot
of things yet, so we don't know how
much reality will intrude on theory,"
CEO Ralph Petroff says. ''But our
guys say they can do it."

The list of believers is growing.
The Federal Emergency Management
Agency has contacted Time Domain
because its radar technology could
pinpoint victims beneath an
earthquake's rubble. ''This technol­
ogy has the potential to reduce casu­
alties among civilians and rescue
workers alike," says a comment
FEMA filed with the Federal Com­
munications Commission.

The Marines have been looking
at Time Domain prototypes because
they'd like a walkie-talkie that's not
only undetectable but can tell a Ma­
rine the location of all the other
members of his unit. The Immigra­
tion and Naturalization Service is
doing a pilot project with Time Do­
main. It's interested in ways the tech­
nology could be used along the bor­
der. Put a wireless, low-power cam­
era in a cactus, and it could transmit
video back to INS agents; no need
to string telltale wires across the
desert.

A few pulse technology products

are ready for abroader market, pend­
ing FCC approva1. Time Domain has
made hand-held radar that police
could use to see inside a room be­
fore bursting in. A couple of small
companies are making pulse radar
devices for measuring liquid in steel
storage tanks. A handful of research
labs, such as the Ultra Lab at the
University of Southern California,
are experimenting with pulses.

Mass-market products are still years
away. Cell phones, Petroff predicts,
are a decade off. ''There are still three
to four iterations of design that have
to go on before we really know if it all
looks good," says Robert Scholtz of
Ultra Lab. "Still, no one has disproved
its potential."

Recent developments are giving the
technology a head of steam.

Until about a year ago, Fullerton's
invention was, as he says, "a science
project." It worked only in theory or
in awkward and costly lab experiments.
Then IBM came up with a new way to
make a chip using the material silicon
germanium. That chip turned out to
be perfect for measuring time to the
picosecond and controlling release of
the pulses - at low cost. Working with
ffiM's Soicher, Time Domain became
a test project for the chip. ''It's been a
perfect match," says Alan Petroff,
brother of Ralph and head of Time
Domain's engineering work. "We
wouldn't be doing this now if not for
that." .

Another development has to do
with money, and lots of it. In 1995,
Time Domain was an 11-person Hunts­
ville company that struggled to make
payroll. Since then, the Petroff family,
which previously had built a multina­
tional environmental engineering com­
pany, invested $3 million and took over
management. (Fullerton, who admits
he's an inventor, not a manager, still
owns more than 20% of Time Domain
and is the company's most valuable as­
set.) The Petroffs have raised an addi­
tional $17 million from dozens of in­
vestors, many from Silicon Valley.

The money has enabled Time Do­
main to build prototypes, hire engineers,
do some marketing and get to critical
mass. ''They now have a backbone of
credibility," says Heidi Roizen, a pow­
erful Silicon Valley player who has ad­
vised Tune Domain and introduced it
to the computer and Internet crowd.
''They have proved their concept, and
they've gotten out to meetings" and
people are taking them seriously, she

says.

New industries, not old
Events this week are helping. Today,

the House Science Committee is releasing
a report that could clear up confusion
about the technology. For most of the
1990s, Fullerton has been in a patent dis­
pute with the federal Lawrence Livermore
National Laboratory. He alleges that
Livermore tried to swipe his pulse tech­
nology by applying for a similar patent in
1993. In a preliminary ruling, the Patent
Office has thrown out Livermore's key
patent claims, citing Fullerton as the true
inventor. In today's report, the House Sci­
ence Committee will castigate Livermore
for its behavior and say Fullerton is the
inventor.

Tuesday, Ralph Petroff gave a brief
report to FCC commissioners at their in­
vitation. It was a sign that another ob­
stacle might begin to move. No one can
even test a pulse-transmitting product
without approval from the FCC, and so
far, the FCC has granted none. In fact,
the agency has been verywary of the tech­
nology, which doesn't fit with anything it
has experienced before.

The technology has come far enough
to let Time Domain and others begin
thinking of ways Fullerton's invention
could change the world.

Certainly the technology could have a
profound - maybe devastating - effect
on several existing industries. Companies
in~ radio and telecommunications have
spent billions of dollars buying rights to
slots on the radio spectrum and billions
more developing products to use on those
slots. It might take decades, but Time
Domain's technology could make those

rights far less valuable and the products
obsolete. «This is really a paradigm
buster," says Bennett Kobb, author of
SpedrNmGuiJe, which keeps tabs on radio
spectrum.

Time Domain, however, pointedly
says it's not trying to go at existing indus­
tries head-on. For one. it would rather
have companies like Motorola and AT&T
as allies, not enemies. "Time Domain has
to try to get into the market in a manner



that's as non-threatening as possible
to other stakeholders, who will try

to protect their turf from any kind
of alien thinking," Kobb says.

Second, Ralph Petroff says he's
interested in spawning new indus­
tries, not scrambling old ones. Tune
Domain wants to use the Intel busi­
ness model It would make the in­
ternal chip set that could power any
product Time Domain inside. En­
trepreneurs and big companies
would come up with the innovative
products based on the technology.
Just as no one could imagine how
the transistor would be used when
William Shockley fathered its inven­
tion in 1947, no one knows how
pulse technology might be used

But Petroff has some intriguing
ideas. For instance, the technology's
ability to measure a position is so
good, it can be accurate to within
less than an inch. That would allow
for what Petroff calls precision farm­
ing. Put pulse technology on a trac­
tor, and the vehicle could plow a field
by itself. Or the positioning aspects
might allow for the creation of a sdf­
guided bricklaying machine.

Time Domain technology could
be perfect for the blossoming indus­
try of home computer networking.
The single biggest obstacle to home
networking is the wiring: Who wants
to string another set of wires to ev­

ery computer, printer, TV and other
device around the house? With pulse
technology, you might be able to put
a box on the side of the house that
would be powerful enough to trans­
mit~ the Internet and phone calls
to any device inside.

Tinkerer solves puzzle
The credit for all this rests with Ful­
lerton. Inventors like him seemed to
have died with the complexity of the
modern age: one person, tinkering
in a private lab, creating something
entirely ne-w.
"He is a brilliant inventor, and he

does have a lot of the sort of
Edisonian quality," says Turner of
PricewaterhouseCoopers.
Fullerton is 48, married, with two
grown children. He's had a lab since
he was 7. His father was in the mili­
tary, and they moved a lot. His labs
went with family. At 13, he was intro­
duced to amateur radio by a neighbor
at McChord Air Force Base in
Tacoma, Wash., and was fascinated.
He went to the University of Arkan­
sas in Fayetteville, Ark, where a fa­
vorite professor, Leonard Forbes, told
the class one-day of a theory of pulsed
communication. Research on the
theory had been going on for years.
But, Forbes said, pulses could never
be transmitted.
"I couldn't think of a reason it
wouldn't work," Fullerton says. And
if it worked, he realized, its potential
would be awesome.

He kept experimenting in his home
lab until one day he used pulses to
transmit music-a tape of the album
Chicago III- from his workbench to a
hand-held receiver in his yard. "When
it worked, I got kind of a spooky feel­
ings," he says.
He got jobs with big companies-Texas
Instruments, ITf, CSC- and started a
small, not-very-successful one. He
kept tinkering. esc brought him to
Huntsville, where he looked up a
patent attorney and won his first
patent. He now has 10 U.s. patents
for pulse technology and 32 abroad.
Lanky and bearded, Fullerton comes
across as painfully shy, but underneath
he is steely and wily. He met Alan
Petroff in the 1980s. Peter Petroff had
some from Bulgaria to work with
Huntsville's rocket scientists building
the u.s. space program in the 19605.
He then invented the digital watch,
founding Pulsar in 1969, and later
built ADS Environmental Services
with his three sons, Ralph, Alan and
mark.
By 1995, Fullerton lured in Alan
Petroff, who took a $25,000 salary just

to get in. A year later, the rest of the
Petroffs joined him. "We had all
planned to retire," says Petroff, now
44.
The Petroffs brought money and man­
agement. Without them, Fullerton's
invention might have died.

Hurdles to history books
Time Domain still faces obstacles

a plenty. It needs to build more proto­
types to prove without a doubt that
the technologyworks as advertised. So
far, the company has encountered no
serious glitches in its march to do so.
Time Domain also needs to carefully
choose partners - staying wary, as
Roizen advises, of big companies that
might bury the technology amid bu­
reaucracy and infighting.

The FCC is a huge obstacle. Tune
Domain has been trying to prove that
pulse communications would not in­
terfere with other signals on the radio
spectrum, but Scholtz says that's "still
an open question." The FCC has not
yet granted Time Domain waiver to
test products. Commercial products
will require a major rule change that
can take to two years. But the FCC is
listening.

I hope (that it would be ap­
proved)," saysJohn Reed of the FCC's
technical rules branch. ''There are
quite a few benefits that could be ob­
tained from it."

And since Time Domain plans on
building innards, not products, "it
must ignite the entrepreneurial com­
munity so people will build these
things:' Roizen says.

But the technology seems to be on
the right path.

"Until a few years ago, I'd wake
up in the middle of the night and say,
What am I doing?'" Fullerton says.
"But the way I feel nO"'N, there's no
stopping ito"

Contributing: Peter Eisler
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SCIENCE & TECHNOLOGY

Two new ways of transmitting data by wireless exploit unconventional
approaches to create valuable additional capacity

Bandwidth from thin air

T hey may be invisible, yet chunks of
radio spectrum are fought over just as
much as parcels of land. Governments
raise billions by auctioning parts
of the spectrum to mobile-phone
companies and radio and television
stations. Other frequencies are re­
served for air-traffic control or the
sending of distress signals. The
most desirable addresses on the
spectrum, like apartments in the
trendiest parts oftown, are in short
supply-hence the high prices paid
for them. To make the most oflim­
ited "bandwidth", as it is known,
engineers have devised elaborate
schemes to allow several devices
(such as mobile telephones) to
share a single frequency by taking
turns to transmit.

Two emerging technologies
now promise to propel such trick­
ery into new realms, by throwing
conventional ideas about radio
transmission out of the window.
The first involves multiple simultaneous
transmissions on the same frequency. The
second, by contrast, transmits on a huge
range of frequencies at once. Outlandish

though it sounds, the effect in both cases
is to create hitherto unforeseen reserves
of valuable bandwidth, practically out of
thin air.

Don't all talk at once. Actually, do

Tum the dial (or press a button) on a
radio, and you determine which station's
signal is played through the speaker. Now
imagine that several radio stations are
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transmitting on exactly the same fre­
quency, so that their signals interfere with
one another. Is it possible to build a new

kind of radio, capable of separating the
signals, so that just one of them can be
heard clearly?

The conventional answer is no.

Once radio signals have been mixed to­
gether, trying to separate them is like try­
ing to unscramble an egg. In 1996, how­
ever, Gerard Foschini of Bell Labs (the
research arm of Lucent Technologies,
based in Murray Hill, New Jersey) sug­
gested that multiple transmissions on a
single frequency could be separated af­
ter all-by using more than one receiv­
ing antenna and clever signal processing.
The result was a technology called Bell

Labs Layered Space-Time, or BLAST.
The prototype system, which is now

being tested, transmits via an array of 12
antennae, all of which broadcast a differ­
ent signal, but on exactly the same fre­
quency. At the receiving end are 16 an­
tennae, also spaced out, each of which
receives a slightly different mixture ofthe
12 broadcast signals-which have
bounced and scattered off objects along
the way.

Computer analysis of the differences
between the signals from the re­
ceiving antennae, helped by the
fact that those receiving antennae
outnumber the transmitting ones,
enables the 12 original signals to
be pieced together.

Exploiting this result, it
should become possible to trans­
mit far more data than before over
a wireless channel of a particular
size. For convenience, the re­
searchers used a channel "width"
of 30kHz, the size of the channel
used by analogue mobile phones.
Normally, a data-hungry process
such as accessing a web page over
such a link is painfully slow. But
using BLAST, transmission
speeds of up to 1m bits per sec­
ond have been achieved. By in­
creasing the number of antennae
at each end, it should become pos­

sible to squeeze even more capacity out
of a fixed-size channel, albeit at the cost
of far greater computational effort.

The technology is not, however, in-

tended for mobile use. The multiple trans­
mitting and receiving antennae, and the
powerful signal-processing hardware in­
volved, will be difficult to fit inside por­
table devices. In any case, too much mov­
ing around causes the mixture of signals
received by each of the antennae to vary
in ways that even the most sophisticated
computer cannot cope with. Instead, ac­
cording to Reinaldo Valenzuela, who is in
charge of the research, BLAST is more
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suitable for use in fixed wireless applica­
tions, such as providing high-speed
Internet access to homes, schools and of­
fices, or establishing telephone networks
in isolated areas without laying cables.

If transmitting several signals on the
same frequency sounds odd, what about
transmitting on many frequencies simul­
taneously? That is the principle behind an­
other novel form of wireless-communi­
cations technology known as ultra­
wideband (UWB). This is being developed
by a small company called Time Domain,
which is based in Huntsville, Alabama. The
technology is the brainchild ofLarry Ful­
lerton, an engineer who has spent the past
23 years working on the idea.

Whereas conventional transmitters
(and BLAST transmitters) operate at a
particular frequency, just as a single key
on a piano produces a particular note, a
UWB transmitter emits a pulse of radia­
tion that consists of lots of frequencies
at once, akin to the cacophony that en­
sues when all the keys on a piano are
pressed at the same time. The pulse is very
short-just half a nanosecond (billionth

How to look through walls

of a second)-and is transmitted at ex- technology for anything more than ex­
tremely low power. Because it is a mix- perimental use. But there are signs that
ture of so many frequencies, such a pulse UWB could, after a long gestation, soon
passes unnoticed by conventional receiv- emerge into the marketplace. At a con­
ers, which are listening for one particular ference in September to rally support for
frequency. it, Susan Ness, an FCC commissioner,

But to a UWB receiver, listening on spoke in support of the technology and
a wide range of frequencies at once, it said regulations permitting it to be used
registers as a distinct pulse. Information would be announced next year.
is sent by transmitting a stream of Several firms are lining up to make
pulses-apparently at random (to fool products based on UWB technology.
conventional receivers), but actually at Time Domain, which owns the relevant
carefully chosen intervals of between 50 patents, plans to supply these firms with
and 150 nanoseconds, in a pattern known its chip, called PulsON, to do the hard
to both transmitter and receiver. By vary- work of generating and detecting UWB
ing the exact timing ofeach pulse to within pulses. And as well as communications,
a tenth ofa nanosecond, slightly early and UWB also has an intriguing potential use
slightly late pulses can be used to encode in radar (see article).
the zeroes and ones of digital informa- Neither BLAST nor UWB quite
tion. The resulting system can transmit create something out of nothing. Both
data at 10m bits per second, without any technologies cunningly conjure up extra
interference with conventional transmis- bandwidth at the cost of increased com­
sions. putational complexity. Over the past few

Or so Mr Fullerton and his backers years, however, the cost of computing
at Time Domain contend. So far, however, power has plummeted, and demand for
America's Federal Communications bandwidth has soared. Trading one for the
Commission (FCC) has not approved the other could prove to be a very good deal.

Besides its use in communications Since, in the case of radar, the re­
(see other article), ultra wideband (UWB) ceiver is also the transmitter, it
pulse radio might have a future as a radar knows exactly when a pulse was
that can see through walls, and do so in sent. By measuring how long that
great detail. It should, its manufacturers pulse takes to return, it can place
hope, be able to distinguish a cat from a the distance to the point of reflec­
cat burglar, or detect barely breathing bod- tion to within that level of accu­
ies under several metres of rubble after racy-enough to tell whether an
an earthquake. More mundaneIY,do-it- aircraft's wing-flaps are up or down.
yourself enthusiasts will be able to use it Four million pulses a second are
to check for power cables and pipes be- sent out to provide a near-perfect
neath the plaster before they start drill- picture of what the target looks
ing. like.

UWB radar works like normal radar Conventional radar relies on
in so far as it depends on sending out ra- high-frequency (and therefore short wave- Time Domain. Though still experimental,
dio signals and listening for the reflec- length) radio waves to achieve high reso- it is being tested by several police forces
tion. But unlike ordinary radar, which lution. Long waves would produce fuzzy around America. They are using it to look
takes the form ofcontinuous waves, UWB images. But when the resolution depends inside closed rooms that might be
signals are short pulses of energy. on pulse-length, wavelength does not mat- harbouring suspects, before the guys with

As a means ofradio communication, ter. So UWB radar can employ signifi- the sledgehammers batter the door down.
UWB works because the chips in the re- candy longer wavelengths, and these can If it works, television cop-shows will
ceiver are able to time the pulses they are penetrate a wide range of materials, such never be the same again.
hearing to within a few thousand-bil- as brick and stone, which are denied to
lionths of a second. Even at the speed of their shortwave cousins.The result is
radio (ie, the speed of light), a pulse will "RadarVision", which, like the communi-
travel only a few millimetres in that time. cation technology, is manufactured by
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mbeNew ork mimes
F.C.C. Mulls Wzder Commercial Use ofRadical Radio Technnlogy

Ralph Petroff, left, and Larry Fullerton of Time Domain.

By JOHN MARKOFF

The Federal Communications Commis­
sion is considering changing its regulations
to pennit the use of a radical and contro­
versial communications technology that
has the potential to make vastly more
efficient use of the increasingly precious
radio spectrum.

Known variously as ultrawide band
radio and digital pulse wireless, the new
technology has a broad range of possible
applications, from wireless voice and
high-speed data communications to land

mine detection and advanced radar systems
that could permit law officers to see
through walls or could aid cars in avoid­
ing collisions.

Despite its potential, however, the tech­
nology is not in widespread commercial
use today because it would run afoul of
F.C.C. restrictions that prohibit radio trans­
missions in certain frequencies set aside
for civilian aviation and military agencies.

That could change if the agency agrees
to proposals made earlier this month by
three small companies that are pursuing the
technology for a variety of commercial
products.

Unlike communications technologies
that send information in analog form,.
ultrawide band uses a digital transmission
consisting of small on-off bursts of energy
at extremely low power but over almost
the entire radio spectrum.

By precisely timing the pulses within
accuracies up to a trillionth of a second,
the designers of ultrawide band radio
systems are able to create low-power
communications systems that are almost
impossible to jam, tend to penetrate
physical obstacles easily and are almost
invulnerable to eavesdropping.

The Time Domain Corporation, based
in Huntsville, Ala., has petitioned the
F.C.C. for a waiver so that by the middle
of next year, it can begin selling a system
that will permit police officers and special

weapons and tactics teams to see through
walls and doors to detect the location of
people. The company is also planning a
covert communications system that will
both carry voice communications and dis­
play locations of a counterterrorism or
S.W.A.T. team's members.

"We are focusing on the safety systems
because it has a great public benefit and
it's a good way to introduce the technol­
ogy where it can make a difference," said
Ralph Petroff, the company's chairman and
chief executive.

However, Time Domain executives as
well as many experts familiar with
ultrawide band believe that the

technology's real commercial potential
lies in extremely lowcost communica­
tions applications. That would entail a
fundamental shift in EC.C. regulations,
a process that could take years.

"When you take its attributes and com­
pare it to the competition, you have very
interesting technology that could lead to
awesome possibilities," said Paul A.
Turner, executive director of the Price­
waterhouseCoopers Global Technology
Center in Menlo Park, Calif.

The most promising application for
ultrawide band radio might eventually be
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an alternative to today's wireless office
network technologies that are generally
able to transmit data at rates between one
and three million bits a second.

Because of its design, ultrawide band
advocates say, the technology has the
potential to deliver vastly higher amounts
of data because a large number of trans­
mitters could broadcast simultaneously in
close proximity without interfering with
one another.

"The most promising applications are
not so much as an alternative to cellular
telephone," said Lawrence E. Larson, an
electrical engineer at the University of
California at San Diego. "It may rather

provide a much better way of doing
short-range data communications
because it's very energy efficient."

The computer and communications
industries have already settled on a stan­
dard known as Bluetooth for wireless
connectivity in an unlicensed frequency
band at 2.4 gigahertz. Bluetooth, which
can send a million bits a second about
30 feet using 100 milliwatts (about a
tenth of a watt), is intended to intercon­
nect devices like palm computers,
laptops and cellular phones.

In contrast, Time Domain's devices can
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Communicating Below a Whisper
Several small companies are developing a technology that uses low-power
radio signals emitted at regular intervals across a broad range of the radio
spectrum for digital communications and radar systems. Here is how the
technology works.

currently transmit 1.25 million bits a sec­
ond up to 230 feet using just 0.5 milliwatts,
or one thousandth the power used by
Bluetooth. These transmission are being
achieved with the first working prototype
chips the company has received from
I.B.M., which fabricated them using the
advanced silicon germanium semiconduc­
tor material developed for communications
applications.

Standard wireless transmissions encode
data in a continuous sine wave by varying
the amplitude (the size of the wave) or the
frequency (the number of times the wave

The radio spectrum is divided into
hundreds of frequencies, each re­
served for commercial and military
applications. To be detected, these
radio waves must have a certain
minimum amount of power, called

amplitude. While TV antennas,
wireless telephones, and many other
things generate high-energy radio
waves, there are also low-energy
waves, called "noise," that come from
operating equipment, like computers.
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Because the pulses are
low-energy, they do not
interfere with the normal
functioning of radio
equipment operating at the
same frequency.

Noise

co-founder of the Microsoft Corporation,
to coordinate industry input into the EC.C.
decision-making process.

More recently, an Interval physicist,
Roberto Aiello, filed an independent
comment with the agency, reporting that
a simulation by his research group indi­
cated that even if millions of ultrawide
band transmitters were allowed to
operate, they would have a negligible
impact on aviation and other communi­
cations systems.

'The EA.A. is worried about this, and I
think it's a good position for them to take,"
Mr. Aiello said. "But I think there's con­
crete evidence that there will not be inter­
ference from ultrawide band."

In addition to Tnne Domain, companies
asking the F.C.C. for exemptions from
spectrum rules include Radar Inc., which
is developing a system for finding buried
objects and looking behind walls, and the
Zircon Corporation, a maker of devices
for such tasks as finding joists in wails.

Receivers listen for these
pulses at regular intervals.
Information is conveyed by
varying the time between
each pulse.

The new technology emits
radio signals in pulses
across much of the radio
spectrum that have no
more power than normal
background "noise."

CONVENTIONAL RADIO WAVE
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"multipath interference," a problem that
plagues indoor radio systems because sig­
nals tend to bounce off many surfaces.

Industry officials said they did not
expect an early resolution to the EC.C.'s
inquiry, which was begun in August. One
particular obstacle is that a key official at
the Federal Aviation Administration has
filed an objection with the EC.C., warn­
ing about a potential problem caused by
the clustering of large numbers of trans­
mitters, even at very low power levels.

Industry officials note, however, that
current EC.C. rules permit "incidental"
emitters-generally, consumer devices like
personal computers, hair dryers, electric
razors, automobiles and arc welders­
and that no hazard has been demonstrated
from the hundreds of millions of these
products in everyday use.

Last month, a group of scientists and
engineers met at the Interval Research
Corporation, a computer industry
research center financed by Paul Allen, a

The ultrswide bsnd
system could be used
to 'see through' wslls.

cycles each second), sometimes both. In
contrast, Time Domain's technology is
similar to a Morse code system that at this
point in its development, switches on and
off 40 million times a second. And unlike
traditional radio signals, which are con­
fined to a very narrow frequency, each
pulse of ultrawide band is transmitted
across a wide portion of the radio spec­
trum, so that only a tiny amount of energy
is radiated at any single frequency.

The company said it believed that the
bandwidth, or data-carrying capacity, of its
technology can be expanded to many times
its current limit-perhaps as high as bil­
lions of bits a second.

Moreover, while standard narrowband
wireless technologies have a limited band-
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A silicon chip developed by Tune Domain. The chip,
which can be used in uIttawide band radio systems,
transmits 40 million coded wireless pulses a second.

width, the digital pulse approach has the
potential to handle a large number of
simultaneous users in close proximity,
Time Domain officials said.

Ultrawide band has the added advantage
of being significantly more resistant to
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